The production of streptomycin is limited mostly to a few strains of Streptomyces griseus (Schatz, Bugie, and Waksman, 1944; Waksman, Reilly, and Johnstone, 1946; Carvajal, 1946a and b) and to Streptomyces bikiniensis (Johnstone and Waksman, 1948) . Trussell, Fulton, and Grant (1947) examined a strain of Streptomyces which appeared to produce both streptomycin and streptothricin. Although this organism resembled Streptomyces lavendulae, it possessed morphological and biochemical characteristics that differentiated it from the described species. More recently, Benedict et al. (1950) reported that a strain of Streptomyces griseocarneus nov. sp. produced a closely related member of the streptomycin series, hydroxystreptomycin, which differed from streptomycin only in having a hydroxymethyl group instead of a methyl group in the streptose portion of the molecule. From a strain of Streptomyces similar to, but not identical with, S. griseocarneus, Grundy et al. (1950) isolated and characterized an antibiotic identical with hydroxystreptomycin.
stone . Trussell, Fulton, and Grant (1947) examined a strain of Streptomyces which appeared to produce both streptomycin and streptothricin. Although this organism resembled Streptomyces lavendulae, it possessed morphological and biochemical characteristics that differentiated it from the described species. More recently, Benedict et al. (1950) reported that a strain of Streptomyces griseocarneus nov. sp. produced a closely related member of the streptomycin series, hydroxystreptomycin, which differed from streptomycin only in having a hydroxymethyl group instead of a methyl group in the streptose portion of the molecule. From a strain of Streptomyces similar to, but not identical with, S. griseocarneus, Grundy et al. (1950) isolated and characterized an antibiotic identical with hydroxystreptomycin.
The purpose of this paper is (1) to provide a detailed morphological and physiological description of S. griseocarneus as stipulated by Benedict et al. (1950) , and (2) to report studies on the production of hydroxystreptomycin by this organism in laboratory and pilot-plant scale fermentation and to consider other factors encountered in this work.
EXPERIMENTAL METHODS AND RESULTS
Isolation of strains. During a routine survey of Japanese soil samples for antagonistic Streptomyces, two isolates were obtained from separate samples procured near the town of Namihana, Prefecture of Tiba, Province of Kanto. Spectrum tests on agar plate media against 12 test bacteria indicated that both strains gave a typical streptomycin spectrum. The two strains, designated NRRL B-1067 and NRRL B-1068, produced a brown to black soluble pigment on agar.
In order to determine whether they were identical with known streptomycinproducing strains, morphological and physiological comparisons were made with streptomycin-producing strains of S. griseus and S. bikiniensis. Streptomyces griseolus was included in some of these tests also. Table 1 shows the results of preliminary tests on the ability of three S. griseus strains and the new isolates to grow in streptomycin-containing media; shown also is the antibiotic effect of these strains on two of the 12 test organisms used in our bacterial spectra.
The cross streak method of Waksman, Reilly, and Harris (1948) was employed Loeffler's blood serum. Grayish-yellow colonies, aerial mycelium scant, liquefaction doubtful.
Bennett's agar. Abundant, grayish-white aerial mycelium, turning flesh colored after 12 to 15 days at 30 C.
Carvajal oatmeal agar. White to grayish-yellow aerial mycelium, turning flesh color at 12 to 15 days at 30 C; abundant sporulation when flesh color stage is reached.
Temperature range. 24 C to 42 C. Habitat. Japanese soil. Type strain. NRRL B-1068; specific name based upon the gray to flesh color of abundantly sporulating colonies. Strains NRRL B-1067 and B-1068 also differed markedly from the other species in their gross appearance and subsequent changes in the color of the aerial mycelium. The white to grayish-white color observed in young cultures on oatmeal agar changes to a flesh color after 12 to 14 days at 30 C. The cultures are not powdery in appearance and the conidia, which are formed in abundance during the color change, are released only by vigorous agitation in water and do not resist wetting by this agent. Further differential tests were conducted on the synthetic medium of Pridham and Gottlieb (1948) utilizing various carbohydrates as sources of carbon for growth. the latter was found to produce more antibiotic than strain B-1067, it was examined in considerably greater detail. D-glucose, D-mannose, cellobiose, starch, dextrin, and glycerol were not tested since all 23 strains included in Pridham and Gottlieb's study were able to utilize these carbohydrates as sources of carbon. S. griseocarneus could utilize only maltose, salicin, and calcium succinate as sources of carbon, whereas good growth occurred with the other strains on from 6 to 8 different carbon sources.
Antibiotic components produced by S. griseocarneus. Two antibiotics were found to occur in crude fermentation culture liquors. The major component is hydroxystreptomycin, but an antifungal agent also is produced in very low yield. In an effort to find out if the latter was actidione, 6 liters of culture filtrate adjusted to pH 6.4 were extracted with chloroform, the extract evaporated to dryness and taken up with a small amount of water. The resulting liquid had no effect on Saccharomyces pastorianus var. arbignensis, strain NRRL Y-139 (ATCC 2366), on the actidione assay medium of Whiffen (1948) .
A further check was made on 500 g of carbon adsorbate of hydroxystreptomycin from a pilot-plant run. After eluting the carbon with 80 per cent acetone to remove adsorbed actidione if present, the residual acetone was distilled off, the water residue extracted with chloroform, the chloroform evaporated to dryness, and the residue dissolved in a small amount of buffer at pH 6.0. No activity was exerted against S. pastorianus var. arbignensis, strain NRRL Y-139.
The foregoing procedure for actidione recovery was reported by Leach et al. (1947) . The results of these experiments suggest that our antifungal principle is not actidione.
Paper strip chromatography of crude and purified products from fermentation beers indicated that no hydroxy mannosido streptomycin is produced by S. griseocarneus.
Production media. Fifteen different types of media were used in the evaluation of various proteins, carbohydrates, and inorganic salts for the production of hydroxystreptomycin.
A soya meal-distillers' dried solubles mixture, with sodium chloride, glucose, and calcium carbonate was found to be superior to all other media tested. The various media included the three listed below, which were employed by Savage (1949) The results show that Medium 2 was far superior to the other two preparations. Medium 1, the original Waksman streptomycin production medium, gave the lowest yields of those illustrated in figure 1.
When the "Curbay BG" content of Medium 2 was raised from 0.05 per cent to 0.5 per cent and the cerelose from 1.0 to 1.5 per cent, yields of 400 to 600 ,ug per ml were occasionally reached in 72-to 96-hour fermentations. In contrast to earlier work by Rake and Donovick (1946) , wherein sodium chloride was essential for the production of streptomycin in a soya meal medium, it was found that fair yields of hydroxystreptomycin were obtained without added salt. The addition of salt, however, in levels of 0.25 to 1.0 per cent, markedly increased hydroxystreptomycin yields. Natural variants were selected by plating heavy spore suspensions of S.
griseocarneus in Bennett's agar (Jones, 1949 Figure 1 . Hydroxystreptomycin production by Streptomyces griseocarneus, strain B-1068, substrain G-3, in media 1, 2, and 3. Substrain G-3 is a natural variant of strain B-1068. prepared and the in vitro activity compared with that of streptomycin and dihydrostreptomycin against 10 different microorganisms. A carefully prepared serial dilution series was set up with one per cent tryptone broth at pH 8.0 as the assay medium. The antibiotics were diluted in phosphate buffer at pH 8.0, and 1.0 ml aliquots transferred to small sterile tubes. One ml of 2 per cent tryptone broth containing approximately 100,000 cells was added as the inoculum. Incubation at 37 C followed, and readings were made at 15 and 35 hours. The results, shown in table 5, in general indicate that the in vitro activity of streptomycin, hydroxystreptomycin, and their dihydro derivatives is similar since no more than a twofold difference in activity was encountered in these tests. Material for toxicity and in vivo therapeutic tests has been supplied to cooperating agencies.
Small scale production of hydroxystreptomycin. A series of 52 fermentations was run in small stainless steel fermentors, each with a 10-liter working capacity. The variable conditions studied included rates of air flow, temperature, initial pH of medium, age and amount of inocula, and rate of agitation. Cultures employed in this study were S. griseocarneus, strain NRRL B-1068 and three natural variants, G-3, G-6, and G-18. The approximate optimum conditions of fermentation found in this study were as follows: Air flow, 0.6 vol/vol/minute; temperature, 28 to 30 C; agitation, 320 rpm; initial pH, 6.8 to 7.0; inoculum, 48-hour culture at a 5 per cent level. The inoculum was prepared as follows.
One ml of a water suspension of spores from a heavily spored slant culture was used to inoculate a 60-ml flask of Bennett broth. After shaking 24 hours at 30 C, the germinated spore inoculum was transferred to 750 ml of the regular soya meal-"Curbay BG" medium in a 3-liter Fernbach flask and shaken for 48 hours at 30 C. Five hundred ml of this culture served as inoculum for a 10-liter charge in a 20-liter fermentor. Maximum potencies were obtained between 48 and 55 hours' fermentation time and ranged from 150 to 340 ug per ml against the 842 ,g per ml streptomycin standard. Seven runs were made in a 200-gallon fermentor charged with 600 liters of medium. This fermentor has a horizontal propeller with an agitation rate of 100 rpm. The peak yield obtained was 265 ,g per ml in 48 hours, and the average yield from all fermentations was 225 Ag per ml.
Effect of hydroxystreptomycin on spores and mycelial growth of S. griseocarneus, strain NRRL B-1068. In an attempt to produce higher yielding variants of strain B-1068, varying amounts of hydroxystreptomycin were added to shakenflask cultures prior to inoculation with spores. However, when the amount of hydroxystreptomycin exceeded 5 ,ug per ml of broth, the spores failed to germinate. A similar effect was noted upon the addition of streptomycin. Flasks in-oculated with spores were first shaken for 24 hours and hydroxystreptomycin added at levels of 10, 50, 100, 200, and 300 ,ug per ml. After 24 hours' additional shaking, the mycelia in the 10, 50, and 100 ,ug per ml flasks were found to have. clumped or aggregated into long strings, whereas growth was normal in appearance in flasks which had received 200 and 300 ,g per ml. When yields of hydroxystreptomycin in shaken-flasks containing these inocula were compared with those from inocula containing no hydroxystreptomycin, little or no difference was found. This finding confirms that of Waksman et al. (1948) . A marked difference was noted in the ability of S. griseus and S. griseocarneus to develop from partially autolyzed, shaken-flask cultures. After having been shaken for 4 days at 30 C, flasks of each of the two previously mentioned strains were held stationary at room temperature and streak plates were made at 5, 6, 7, and 8 days. Numerous colonies developed from the streaked mycelium of S. griseus up through the eighth day. However, as shown in table 6, the hydroxystreptomycin apparently acted as an actinocidal agent against B-1068, since the number of colonies that developed showed a marked decline on succesive days. Thorne and Peterson (1948) , wherein Xanthomycins A and B were found to inhibit the growth of the Streptomyces, strain 94, which produced them.
In the synthetic medium of Dulaney (1948) Methods of production and in vitro activity of hydroxystreptomycin are discussed. Some peculiarities with regard to low antibiotic tolerance at the start and at the completion of this fermentation are noted.
